Electromyography (EMG) of the corpora cavernosa (CC-EMG) is able to record the activity of the erectile tissue during erection, and thus has been used as a diagnostic technique in patients with erectile dysfunction (ED). The present study examines the usefulness of the technique in the diagnosis of arterial ED. A cross-sectional study was made of 35 males with a mean age of 48.5 years (s.d. 11.34), referred to our center with ED for 41 year. The patients were subjected to CC-EMG and a penile Doppler ultrasound study following the injection of 20 mg of prostaglandin E1 (PGE1). The patients were divided into three groups according to their response to the intracavernous injection of PGE1: Group 1 (adequate erection and reduction/ suppression of EMG activity); Group 2 (insufficient erection and persistence of EMG activity); and Group 3 (insufficient erection and reduction/suppression of EMG activity). Patient classification according to response to the intracavernous injection of PGE1 was as follows: Group 1: six patients (17%), Group 2: 18 patients (51%), and Group 3: 11 patients (31%). Patients diagnosed with arterial insufficiency according to Doppler ultrasound (systolic arterial peak velocity o30 mm s À1 in both arteries) were significantly older than those without such damage (54.5 versus 41.8 years, respectively; s.d. 11.12). The patients in Group 3 showed a significantly lower maximum systolic velocity in both arteries than the subjects belonging to Group 2. Likewise, a statistically significant relationship was observed between the diagnosis of arterial insufficiency and patient classification in Group 3. The confirmation of insufficient erection associated with reduction/suppression of EMG activity showed a sensitivity of 66.7% (confidence interval between 50 and 84%) and a specificity of 92.9% (confidence interval between 84 and 100%) in the diagnosis of arterial ED. Owing to the high specificity of CC-EMG response to the injection of PGE1, this test is considered useful as a screening technique in the diagnosis of arterial ED.
INTRODUCTION
Erection is a vascular phenomenon dependent upon psychological, endocrine, and neurological factors. Adequate arterial perfusion through the cavernous arteries is essential for correct erection. However, in addition to correct arterial vascularization, venous return must be interrupted for erection to occur. The persistence of venous flow does not allow the penis to achieve the necessary stiffness, since blood under pressure cannot be stored within the cavernous sinusoids. 1, 2 The measurement of arterial flow using penile Doppler ultrasound following the injection of a vasoactive substance such as papaverine or prostaglandin E1 (PGE1) is regarded as the gold standard for the diagnosis of erectile dysfunction (ED) of arterial origin. However, although this technique is able to measure venous return based on diastolic flow, it is not useful for differentiating the disorders associated with venous dysfunction. 3, 4 The main cause of persistent venous return is considered to be insufficient relaxation of the smooth muscle fibers of the erectile tissue. 5 Electromyography (EMG) of the corpora cavernosa (CC-EMG) allows registry of the electrical activity of the smooth muscle fibers of the corpora cavernosa. 6 In males without ED, the flaccid state is characterized by high-frequency and low amplitude baseline activity, which under the usual amplification conditions is recorded as an isoelectric line. This regular electrical pattern is interrupted by phases of strong electrical activity or potentials, lasting between 5 and 15 s, and with a mean amplitude of 440 mV. Following the pharmacological induction of an erection with vasoactive drugs, these potentials disappear, whereas the isoelectric line remains throughout the exploration period. This is attributed to relaxation of the smooth muscle fibers of the corpora cavernosa. 7 The persistence of the mentioned potentials is interpreted as indicating a lack of relaxation of the muscle fibers of the erectile tissue, thus hindering adequate erection. 8 In accordance with this interpretation, if following the injection of a vasoactive drug erectile tissue relaxation is observed, without the corresponding erection, then ED would be due to altered arterial perfusion, preventing filling of the cavernous sinusoids and thus adequate erection.
The present study was designed to assess this hypothesis by comparing the results of CC-EMG with the findings of penile arterial vascularization exploration based on Doppler ultrasound following the injection of PGE1.
MATERIALS AND METHODS
A cross-sectional study was made to evaluate the utility of CC-EMG in the diagnosis of arterial insufficiency in patients with ED. Prior calculation of the required sample size was made, based on the data published by Hwang et al. 1 We calculated that a minimum of 22 patients would be needed to detect a difference in maximum penile arterial systolic velocity of 25 cm s À1 between patients with normal arterial perfusion and patients with arteriogenic ED following the injection of a vasoactive drug, with a two-sided level of significance of 95% and a statistical power of 80%.
A total of 35 males with a mean age of 48.5 years (s.d. 11.34) were included in the study. The inclusion criteria were: age 418 years, with ED for 41 year. The degree of ED was measured by application of the 5-item version of the International Index of Erectile Function (IIEF-5). We included patients with a IIEF-5 score 16. 9 We excluded patients with neurological damage, structural alterations of the penis, and active neoplastic disease. All subjects gave informed consent before being enrolled in the study.
A clinical history was compiled and a neurological exploration of the sacral metameres was performed in all included patients. Baseline CC-EMG was then carried out, followed by the injection of 20 mg of PGE1 in the corpus cavernosum. CC-EMG activity was registered during 30 min, followed by a Doppler ultrasound study of the penile vascularization. The penile response to PGE1 was classified into four grades according to the criteria of Goldstein et al. 10 Grade IV erection was regarded as a good erectile response. The other grades were considered indicative of inadequate erection.
The penile Doppler ultrasound study was carried out using a Toshiba SSA-580A system (Tochigi, Japan) with a 7.5 MHz linear transducer for imaging in mode B and a 3.5 MHz transducer for Doppler study with a sample volume of 2 mm. For locating the cavernous arteries, we positioned the probe longitudinally at the penile--scrotal junction, and posteriorly used the Doppler system to measure maximum systolic velocity in both arteries, beginning on the left side. The Doppler angle was adjusted to set it parallel to the axis of flow. This study was all performed by the author AM LGM.
The study results were considered normal when the maximum systolic velocity in at least one of the cavernous arteries was 430 cm s
À1
. In the case of lesser values, arterial insufficiency was diagnosed.
EMG was carried out by inserting a coaxial needle electrode (26 G, 37 Â 0.46 mm) into each corpus cavernosum. The patient was placed in supine decubitus with the trunk raised, and placing a neutral electrode around the thigh. The potentials were recorded using a Medtronic Keypoint electromyograph (Skovlunde, Denmark) with a scan rate of 16 s per division and a sensitivity of between 0.2--1 mV per division, applying a lowfrequency filter of 0.2 Hz and leaving the high-frequency filter open. After a period of 15 min until stabilization of the signal, a continuous EMG recording was obtained under resting conditions (Figure 1 ) and following the injection of 20 mg of PGE1. The suppression of CC-EMG activity was assumed when no potentials were observed during the recording (Figure 2 ), while diminished activity corresponded to the presence of potentials with a voltage o80% of the resting amplitude ( Figure 3) . Higher values in turn were taken to reflect the persistence of EMG activity following the injection of PGE1. 11 All these studies were performed by the author MVC. The patients were divided into three groups according to the erectile and EMG responses post injection of PGE1: Group 1 (good erectile response and reduction/suppression of CC-EMG activity); Group 2 (insufficient erection and persistence of EMG activity); and Group 3 (insufficient erection and reduction/suppression of EMG activity). With the purpose of comparing these data with the findings of the Doppler ultrasound study, the patients in Group 3 were considered to present arterial insufficiency, while the patients in Groups 1 and 2 were taken to present normal arterial perfusion. To avoid tautological statements, we only compare the results of groups with poor erectile response (Groups 2 and 3). The patients of Group 1 are normal by definition.
The data obtained were entered on a Microsoft Access spreadsheet and posteriorly analyzed using the SPSS version 11 statistical package. The Kolmogorov--Smirnov Z-test was used to check the parametric distribution of variables. Fisher's exact test was used for the comparison of dichotomic variables, while the Student's t-test for the comparison of means was applied in the case of parametric variables. A two-sided level of significance of 95% was established. The confidence interval was calculated with a 95% probability.
RESULTS

Descriptive statistics
The patient's disease antecedents are shown in Table 1 . Most subjects had no significant history of disease. Following the intracavernous injection of PGE1, in only two cases (7%) was an adequate erection achieved.
The A total of 15 patients (43%) were diagnosed with arterial damage according to the Doppler ultrasound results.
In relation to the EMG findings following the intracavernous injection of PGE1, no EMG potentials was observed in 15 patients (438%), a reduction in potential amplitude of 4 80% of the basal value in two patients (6%), and the persistence of EMG potentials in 18 cases (51%).
Patient classification after PGE1 injection according to the presence of erection and the CC-EMG response was as follows: six patients (17%) showed adequate response, with reduction/ suppression of CC-EMG activity (Group 1), 18 patients (51%) showed insufficient erection with persistence of EMG activity (Group 2), and 11 patients (32%) showed insufficient erection, with reduction/suppression of EMG activity (Group 3).
Inferential statistics
The relationship between maximum systolic velocity and end diastolic velocity of the cavernous arteries after PGE1 injection and the EMG data of the corpora cavernosa is reported in Table 2 . Patients with insufficient erection associated to reduction/ suppression of EMG activity (Group 3) showed a significantly smaller maximum systolic velocity in both arteries than in patients belonging to Group 2 (insufficient erection and persistence of EMG activity). The differences between groups according to the end diastolic velocity were not significant. Table 3 shows the relationship between the diagnosis of arterial insufficiency according to the penile Doppler ultrasound findings and patient assignment to the group with insufficient erection and the absence of CC-EMG activity after PGE1 injection (Group 3). A statistically significant association was found between the two variables.
DISCUSSION CC-EMG allows registry of the electrical activity of the smooth muscle fibers of the corpora cavernosa. This activity is dependent upon the sympathetic tone---sympathetic stimulation increasing the frequency of the bioelectrical potentials. These potentials disappear after the injection of nitric oxide donors such as the prostaglandins, which induce smooth muscle relaxation. For this reason, the mentioned technique is used to register the activity of the smooth muscle fibers of the corpora cavernosa during erection. 12 This relationship between CC-EMG and cavernous smooth muscle activity, together with recording of the sympathetic genital-evoked potentials (sympathetic skin response), represents the only technique currently available for assessing the neurovegetative innervation participating in erection of the penis. 12 Attempts, therefore, have been made to determine the influence of both central and peripheral innervation alterations upon erectile tissue activity. Stief et al. 13 developed a technique for studying the individualized bioelectrical potentials of the corpora cavernosa generated under resting conditions, known as 'singlepotential analysis of cavernous activity'. To avoid the possible impact of neurological lesions upon the CC-EMG activity, we excluded patients with neurological damage in our study.
Unfortunately, single-potential analysis of cavernous activity has been found to be a much more complicated technique than initially believed, due to inconsistency of the signals and the presence of artifacts that have the same frequency spectrum as the signals generated by the cavernous smooth muscle. To overcome these inconveniences, algorithms based on mathematical frequency analyses have been used, resolving the spectrum based on the Fourier function 14 or the application of fuzzy logic. 15 All this has greatly complicated the technique, thus explaining why despite its introduction 420 years ago, the procedure has not yet been transferred from the laboratory setting to routine clinical practice. The present study aimed to evaluate the clinical usefulness of CC-EMG, comparing its results with this and those obtained by the gold standard for the diagnosis of arteriogenic ED (Doppler ultrasound). The study of the diagnostic utility of CC-EMG in impotency of vascular origin is not new. CC-EMG as a method for evaluating venous return alterations in ED has been compared with cavernosometry. Stief et al. 16 found that CC-EMG serves as a prognostic indicator of the result of dorsal vein ligation due to venous leakage diagnosed by cavernosography. These authors considered that patients with anomalous potentials should not be operated upon, as venous leakage may be due to intrinsic damage of the cavernous smooth muscle. C¸olakoglu et al. 17 likewise considered that cavernosometry can give rise to false-positive readings in patients with intrinsic cavernous muscle damage, only detectable by CC-EMG. Kayigil et al. 18 in turn compared the penile Doppler ultrasound findings, cavernosometry, and CC-EMG. These authors showed that subjects with venous leakage present penile arterial insufficiency or persistence of the potentials of the corpora cavernosa in the CC-EMG recordings. In our study, we observed that although the end diastolic velocity was bigger in the Group 2 than in the Group 3, the difference did not reach statistical significance. This data can be explained because the patients with arterial insufficiency (Group 3) also have a certain degree of venoocclusive dysfunction owing to the fact that the inadequacy arterial inflow does not appropriately expand the cavernous sinusoids. 2 In the present study, we compared the penile arterial vascularization data obtained by Doppler ultrasound of the cavernous arteries and the cavernous smooth muscle response to PGE1 injection. Those patients with an absence of erection associated with reduction/suppression of the EMG potentials showed a significantly smaller systolic velocity in both cavernous arteries than in patients with an adequate erectile response to PGE1 or persistence of the EMG potentials.
In addition, on defining arterial insufficiency as corresponding to a maximum systolic flow of 30 cm s À1 in both arteries, we diagnosed arterial insufficiency in 10 out of 11 cases lacking an erectile response to PGE1 injection associated with reduction/ suppression of the potentials. The only case not diagnosed by Doppler ultrasound as presenting arterial insufficiency was a patient with good systolic flow in one of the arteries (44 cm s
À1
), but with clearly altered flow in the other (16 cm s À1 )---that is, this patient likewise could have been diagnosed with arterial insufficiency.
Ataham et al. 19 also compared the CC-EMG activity following the injection of papaverine versus the Doppler ultrasound findings. However, in the group of patients with vascular problems, these authors included both subjects with arterial insufficiency and patients with persistent venous return---thereby assigning a heterogeneous series of disorders to one same group. In our study, we divided the patients into three groups according to the degree of erection and the EMG response to prostaglandin injection: Group 1 (adequate erection and reduction/suppression of EMG activity); Group 2 (insufficient erection and persistence of EMG activity); and Group 3 (insufficient erection and reduction/ suppression of EMG activity). Group 3 was compared with the penile Doppler ultrasound findings.
The study of arterial vascularization using Doppler ultrasound also implies a degree of uncertainty, particularly as regards the systolic velocity values considered normal. In this sense, there is a broad range of doubtful values between 25 and 35 cm s À1 (ref. 20) . In addition, measurement of the Doppler ultrasound incidence angle has not been well defined, as a result of which a broad range of values can be found. 21 In our study, we recorded greater variation in cavernous artery maximum systolic flow on the right side than on the left, attributable to the measurement technique employed. Other authors have also reported significant differences between the two arteries. As a result, they suggest using the best value obtained with both vessels. 22 Several patients received concomitant medication for other diseases. The drugs that could have an influence on EMG data would be the following: alpha-adrenergic blockers for the treatment of benign prostatic hyperplasia, beta-adrenergic blockers for the treatment of arterial hypertension, and selective serotonin reuptake inhibitors for the treatment of depression. ED is highly prevalent in hypertensive patients treated with betablockade agents, but the presence of ED is associated with more extended organ damage and not to cardiovascular treatments. 23 The use of selective serotonin reuptake inhibitors was associated with a twofold risk for patient hypoactive sexual desire and with a higher impairment of reported erectile function. However, no differences in penile blood flow were observed. 24 Only alpha--blockers can interact with EMG data by altering sympathetic tone, increasing nitric acid--induced relaxation, and increasing blood flow in the penis. These data are in accordance with our hypothesis about CC-EMG and Eco-Doppler relationship. 25 We did not carry out a reinjection in any patient. We applied the standard dose of 20 mg of Caverject to all the patients. The redosing with another vasoactive drug as phentolamine increases the percentage of patients with full erection. It is possible that this effect is due to an increase of the arterial flow, but the most likely explanation is that it acts on the veno-occlusive mechanism, making that many patients with anxiety obtain a corpus 26 use the redosing to convert patients with mixed vascular lesion (arterial and venous), in pure arterial, and the patients with venous abnormality in normal. In our case, the redosing would suppose that some patients of the Group 2 would pass to the Group 1, but it would not affect the patients with arterial insufficiency of Group 3.
In our series, we found that the two cases with adequate erectile response to PGE1 injection showed EMG potential suppression, and the Doppler study indicated good arterial perfusion. In the 16 patients without an adequate erectile response and with persistence of the EMG potentials, arterial perfusion was found to be normal in 11 cases. In these subjects, the cause of ED can be attributed to venous leakage secondary to deficient erectile tissue relaxation. This lack of relaxation may be due to anxiety-induced elevation of the sympathetic tone. 18 In another five cases, the lack of erectile response would be of a mixed cause: lack of erectile tissue relaxation and arterial insufficiency.
Despite these limitations, our study appears to confirm the hypothesis already mentioned in earlier studies 27, 28 to the effect that CC-EMG is also useful for assessing the arteriogenic factor in ED.
Our findings indicate that CC-EMG offers a sensitivity of 66.7% (confidence interval between 50 and 84%), and a specificity of 92.9% (confidence interval between 84 and 100%), in the diagnosis of arterial insufficiency. Thus, considering diagnostic test interpretation according to evidence-based medical practice, 29 a highly specific technique such as CC-EMG (with very few false-positive results) is a good screening tool in the diagnosis of disease. CC-EMG could be used together with other electrophysiological techniques for evaluating ED. 11 In the event insufficient erection is associated to good EMG-evidenced relaxation following PGE1 injection, the existence of arterial insufficiency can be deduced without Doppler ultrasound. By contrast, if erectile failure is associated to a lack of EMG-evidenced relaxation of the corpora cavernosa, penile Doppler ultrasound would have to be used to rule out arterial damage (mixed cause).
